groups (non-Hispanic whites, non-Hispanic blacks, and Hispanics). Among the elderly, the mortality rate was 22.6 per 100,000 for persons 65-74 years old, 60.0 per 100,000 for those 75-84 years old, and 177.6 per 100,000 for persons у85 years old. Stated in a different way, 0.90% of deaths among persons 65-74 years old, 1.05% among persons 75-84 years old, and 1.16% of deaths among those у85 years old were due to septicemia. Death rates due to septicemia are greater among minority populations. In 1997, the age-adjusted rates among non-Hispanic white persons and among non-Hispanic black persons of all ages were 3.6 and 9.7, respectively, per 100,000 persons. For persons у65 years old, the death rate among non-Hispanic black persons and among non-Hispanic white persons were 49.3 and 102.4, respectively, per 100,000 persons [3] .
Similarly, there has been a major increase in the rates of hospitalization due to septicemia. From 1980 through 1994, the annual change in the number of hospitalizations due to septicemia was 10.5%, second only to that for human immunodeficiency virus infection and/or AIDS [2] . These authors listed septicemia as the fourth leading cause of hospitalizations due to infectious diseases in the United States in 1994 (301,800 hospitalizations, or 116 hospitalizations per 100,000 persons). Because septicemia is a major threat to the elderly, we used Medicare administrative data for the years 1986-1997, to examine the impact of septicemia on this vulnerable population. Specifically, we describe the secular trend in the rates of hospitalization due to septicemia in the elderly Medicare fee-forservice population from 1986 through 1997 and report the 30-day postadmission mortality rate, the likely source of the septicemia, and the comorbid conditions associated with admissions in 1997, as well as an estimate of the amount reimbursed by Medicare to hospitals for the care of these patients.
Medicare data files provide information on hospitalizations and death among Medicare beneficiaries and have been used by researchers to study a wide variety of infectious and noninfectious diseases [4] [5] [6] [7] [8] . More than 96% of the US elderly population is entitled to Medicare part A benefits, which reimburse acute care hospitals for care provided. This provides the opportunity for population-based studies of infectious diseases such as septicemia in this population.
Materials and Methods
The source of information regarding the hospitalizations for septicemia was the Medicare Provider Analysis and Review (MedPAR) files of the Health Care Financing Administration (HCFA) for 1986-1997. Each annual MedPAR file contains 1 record for each of 112 million hospitalizations that occur each year among Medicare beneficiaries. Information in the file includes patient demographics (age, sex, race, and place of residence to the zip code level), dates of admission and discharge, the principal diagnosis, and р8 additional secondary diagnoses coded, according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, the dates and ICD-9-CM codes for р9 procedures, the date of death (if it occurs within 2 years of hospitalization), and the amount paid by Medicare for that hospitalization. In addition, the Medicare Denominator file was used to determine the population at risk in each year. The hospitalization and demographic information for the standard 20% sample of Medicare beneficiaries were used in this study. Thus, the national counts of hospitalizations reported in this article are the number found in the 20% sample multiplied by 5. Because reports of hospitalizations among the Medicare beneficiaries who are enrolled in managed care plans are irregularly submitted to HCFA, we followed the convention of most researchers using these data and eliminated from each year's data any person who was enrolled in a managed care plan for the period of their enrollment. During the period of this study, 4%-12% of the Medicare population was enrolled in a managed care plan. We further limited our analyses to only those elderly who resided in 1 of the 50 states, Washington, DC, or Puerto Rico.
Septicemia hospitalizations were defined as any hospitalization with the ICD-9-CM code of 038-038.9 listed as the principal diagnosis. The principal diagnosis is the condition established after study to be chiefly responsible for an admission [9] . For hospitalizations that occurred in 1997, we used the secondary diagnoses listed in diagnosis positions 2-9 (e.g., urinary tract infection [UTI] and pneumonia) to identify the possible sites of the origin of the septicemia. A complete list of the ICD-9-CM codes used to categorize these diagnoses is found in table 1. The ICD-9-CM codes used to categorize were based on the work of Pinner et al. [1] . Because 11 of these potential sites could be listed for a hospitalization, we took the first one as the site of the primary infection.
The identification of the organism causing the septicemia was carried out using all diagnosis positions. The ICD-9-CM codes used to aggregate organisms into 10 different groups are found in table 2. Medical record technicians may use laboratory report information generated by the laboratory when they complete the hospitals claim. These laboratory reports are not, however, part of the submitted claims.
Comorbid conditions were identified for each hospitalization due to septicemia and were categorized according to Elixhauser et al. [10] . The ICD-9-CM codes included in each category are listed in table 3.
Rates of hospitalization for septicemia were calculated per 1000 Medicare fee-for-service beneficiaries enrolled in Medicare part A for that year. We adjusted the rates by age group, sex, and race, using the 1986 Medicare population as the standard. Poisson regression was used to compare rates and also to assess whether the difference among the rates were statistically significant. P ! .001 was considered significant.
To determine the cost to Medicare of hospitalizations due to septicemia, we summed the MedPAR variables reimbursement amount and bill total per diem in 1997 for hospitalizations with septicemia as the principal diagnosis.
Results
We identified 18,141 hospitalizations due to septicemia in the 20% MedPAR file for 1986. Thus, the total estimated number of hospitalizations due to septicemia among the elderly Medicare fee-for-service beneficiaries was 5 times that, 90,965, or 3.42 hospitalizations per 1000 beneficiaries. By 1997, there were 40,870 hospitalizations due to septicemia in the 20% MedPAR files, or a total estimated 219,350 hospitalization due to septicemia, for an unadjusted rate of 7.85 hospitalizations per 1000 beneficiaries and an age group-, sex-, and race-adjusted rate of 7.42 hospitalizations per 1000 beneficiaries (table 4; figure  1 ). Thus, by 1997, the adjusted rate of hospitalization for septicemia was 2.17 times the rate in 1986. The estimated annual percent change (EAPC) for this period was 7.83%.
The sex-and race-adjusted annual rates of hospitalization in 1997 were more than double the rates in 1986 for all 3 age groups (table 4). For persons 65-74 years old, the rate in 1997 was 2.24 times the rate in 1986; for persons 75-84 years old, it was 2.03 times greater; and for those у85 years old, it was 2.30 times greater. Rates of septicemia hospitalizations were significantly higher for the у85 years age group in all years ( ). The rate for persons 65-74 years old was signifi-P ! .001 cantly lower than each of the other age groups ( ). P ! .001 Although age group-and race-adjusted rates of hospitalization for septicemia were always greater among men than among women for the time period studied ( ), the rate P ! .001 among men was never 110% greater than the rate among women for any given year. The rates of septicemia more than doubled for both men (2.08-fold increase) and women (2.27-fold increase) from 1986 through 1997, which narrowed the gap in the rates between the sexes.
The age group-and sex-adjusted rates of hospitalizations due to septicemia were consistently and significantly higher for black beneficiaries than for white beneficiaries ( ). The P ! .001 EAPC for black Americans was 10.18%, compared with 7.37% for white Americans. Thus, although the adjusted rate of hospitalization for septicemia among white beneficiaries in 1997 was 2.09 times the rate in 1986 (6.89/1000 vs. 3.30/1000), the rate among black beneficiaries in 1997 was 2.72 times the rate in 1986 (13.61/1000 vs. 5.01/1000).
The following results are based on a more detailed analysis of the 43,870 hospitalizations for which septicemia was the principal diagnosis occurring in 1997 that were documented in NOTE. Rates were adjusted using the 1986 Medicare fee-for-service population as the standard. Total rate included age group-, sex-, and race-adjusted rates. Other rates were adjusted as appropriate. For example, rates for race were adjusted by age group and sex. Differences in the annual rates among age groups, among sexes, and among race groups are all statistically significant ( ). P ! .001 the 20% MedPAR file. Among them, 1 likely source of infection could be determined in 32,429 (73.8%) of the hospitalizations. The most frequently coded potential sources of septicemia were UTIs (site not specified) and cystitis (40.1%), followed by pneumonia (15.3%), decubitus ulcer (5.4%), cellulitis (3.6%), and kidney infections (3.2%; table 5). All other potential sources were identified in !2% of the hospitalizations.
The overall 30-day postadmission mortality rate for persons hospitalized with septicemia in 1997 was 246.5 per 1000 hospitalizations. It was 6.9% greater among black Americans (261.6 per 1000 hospitalizations) than among white Americans (244.6 per 1000 hospitalizations). The 30-day postadmission mortality rate for those patients with the presumed source of infection as decubitus ulcer was 372.4 per 1000 hospitalizations; for pneumonia, it was 335.6 per 1000 hospitalizations; for UTI (site not specified) and cystitis, it was 192.6 per 1000 hospitalizations; for cellulitis, it was 176.7 per 1000 hospitalizations; and for hospitalizations due to kidney infections, it was 65.6 per 1000 hospitalizations.
Among the 1997 hospitalizations in the 20% file that occurred due to septicemia, a specific bacterial genus or species could be identified from the ICD-9-CDM codes in only 42.7% (18, 683) of the septicemia hospitalizations (data not shown). The most frequently reported organism was Escherichia coli (7834 [17.9%] of all septicemia hospitalizations). Staphylococci were identified in 12.4% of all septicemia hospitalizations, streptococci in 7.0%, and pneumococci in 2.7%.
The most frequently identified chronic diseases listed as comorbid conditions were diabetes (24.5%), congestive heart failure (23.6%), hypertension (23.1%), and chronic pulmonary disease (18.4%; table 6).
The amount paid to hospitals by the Medicare program for hospitalizations due to septicemia in the 20% MedPAR sample in 1997 was $361 million. Thus, we estimate that the total cost of hospitalizations due to septicemia among the elderly Medicare fee-for-service population in 1997 was 1$1.8 billion.
Discussion
The study provides a more complete picture of the increasing burden of septicemia in the US elderly population, which was initially described by Pinner et al. [1] and Simonsen et al. [2] . The most important findings are that, during the 12 years examined in this study, there has been more than a doubling of the rate of hospitalizations due to septicemia in all age, sex, and race groups and that the greatest increase was among black Americans. Thus, although the rate of hospitalization among black beneficiaries was 52% greater than among white beneficiaries in 1986, by 1997 the rate of hospitalization among black beneficiaries was almost 198% greater than among white beneficiaries.
We chose to present the trends in septicemia hospitalizations, using the principal diagnosis to identify cases to be consistent with underlying cause of death information [1] and the majority of the information presented by Simonsen et al. [2] . This, of course, will give a conservative estimate of the burden of septicemia in the elderly population and the total cost. It may also provide an overestimate of the rates of hospitalization due to septicemia if there are reasons, such as the introduction of the prospective payment system (PPS) by Medicare in 1984, for providers to change the coding of septicemia from the secondary positions 2-10 to first-listed diagnosis. (A fuller discussion of the PPS and the possible impact of the diagnostic related groups [DRGs] is presented below.) Figure 2 presents information that one of us (A.M.M.) and colleagues at HCFA have been collecting as part of the routine monitoring of a number of reasons for hospitalization among the elderly fee-for-service Medicare population since 1986. This information is based on the 100% MedPAR files. The increase of 120% in the rate of age group-, sex-, and race-adjusted hospitalization due to septicemia in the 100% files is similar to the 117% increase in the 20% MedPAR files. The 72% increase in the rate of hospitalization due to septicemia listed in any position provides evidence that the trend in the rates based on the primary position is not just a shifting of the septicemia code from a secondary position to the primary position but is due to a real increase in the burden of septicemia among elderly Americans.
Reasons for the increase in septicemia over the 12 years of the study include the increased prevalence (due to both increased incidence and increased duration) of chronic diseases, such as diabetes [11] , cancer [12] , and end-stage renal disease in the elderly that put them at higher risk for infectious diseases. Also, medical devices, used either temporarily or permanently, may increase the risk of septicemia [2] .
The ability to demonstrate the increasing and dramatically greater rates of hospitalization due to septicemia among black Medicare beneficiaries versus white beneficiaries highlights a major strength of the Medicare administrative data, the coding of race, compared with other national administrative databases. Because race is not coded in 20% of the hospitalizations reported by the National Hospital Discharge Survey (NHDS), Simonsen et al. [2] chose not to conduct analyses by race by using that database, and, in the most recently available NHDS Annual Summary (1998), no information is presented by race group [13] . A new national hospital discharge database, the Nationwide Inpatient Sample (NIS) created by the Healthcare Cost and Utilization Project (HCUP) of the Agency for Healthcare Research and Quality, has not been able to overcome this problem of race code availability at the national level, although state-level analyses can be done for 18 of the 22 collaborating states [14] . Thus, the Medicare administrative data are one of the rare nationally representative data sources with information on race, as well as sufficient statistical power, to study differences among the races in infectious disease rates or in the use of hospital or other health care services [15] [16] [17] [18] .
We have identified published and unpublished information on race-specific incidence rates of 3 other important infectious diseases among the elderly (hepatitis A, hepatitis B, and tuberculosis), as well as information on hospitalization rates for 2 other important diseases in this age group, gastroenteritis, and pneumonia and influenza (P&I). In 1997, the rate of hepatitis A reported to the Centers for Disease Control and Prevention (CDC) was 1.35 times greater among whites у65 years old (2.02 per 1000 beneficiaries) than among blacks (1.50 per 1000 beneficiaries). In the same year, however, the rate of reported hepatitis B cases was 3.48 times greater among elderly black persons (2.82 per 1000 beneficiaries) than among elderly white persons (0.81 per 1000 beneficiaries). For each disease, race was not reported for 30% of the cases (A. Wasley, personal communication). In 1996, the rate of new cases of tuberculosis was 5.5 times greater in elderly black Americans (0.39 per 1000 beneficiaries) than in white Americans (0.07 per 1000 beneficiaries) [19] . Mounts et al. [20] reported a 20% decline in the rates of hospitalizations with gastroenteritis from 1979 through 1995 among Americans of all ages, using the NHDS. They found, for the entire time period, rates in the white elderly population of 3.8 per 1000 beneficiaries in persons 65-74 years old and 6.7 per 1000 beneficiaries in persons у75 years old, which were higher than the rates in the black elderly population in these age groups (3.1 and 5.9 per 1000 beneficiaries, respectively; black-to-white ratios of 1.22 and 1.13, respectively). Unpublished analyses by one of us (A.M.M.) on 100% Medicare MedPAR hospitalization data show identical rates of hospitalization for P&I among elderly black and white beneficiaries in 1997 (21.0 per 1000 beneficiaries). Thus, there is no obvious pattern by race in the impact of these different infectious diseases in the US elderly population, which necessitates the study of each of these separately.
Almost 25% of those elderly who had a primary diagnosis of septicemia in 1997 died within 30 days of admission to the hospital. This contrasts with the 6.8% 30-day postadmission mortality rate for all hospitalizations among fee-for-service elderly Medicare beneficiaries in the same year. This information, as well as the very high 30-day postadmission mortality rates in septicemia presumed to be related to decubitus ulcer (45% of such cases) or pneumonia (37% of such cases), emphasizes the importance of preventing these conditions. The other major causes (UTIs, cellulitis, and kidney infections), although not as easily amenable to primary prevention, should be recognized as risk factors for septicemia among the elderly. Thus, community-acquired and nosocomial UTIs and infections of the kidney, the possible source of infection for almost half of the cases, should be recognized early and treated promptly, as should cases of cellulitis. Although the Medicare administrative data do not allow us to distinguish perfectly between nosocomial and community-acquired infections, the role of the former as a significant cause of septicemia has been documented [21] , and remedies have been proposed [22, 23] .
Diabetes was the most common preexisting comorbidity (24.5%) in the patients with septicemia. We recently estimated the prevalence of diabetes in the Medicare fee-for service population to be 13.7% [16] . Thus, in persons with septicemia, diabetes is 2.3 times more likely to be a comorbidity than in the general population and may be the underlying cause of frequent reporting of decubitus ulcers and cellulitis as the potential source of the septicemia.
Our estimated cost to Medicare of the hospitalizations for septicemia in 1997 of $1.8 billion underestimates the total cost of the disease in this population. Additional costs to Medicare that we did not include are those for physician services while the person is hospitalized, estimated at 20% of the hospital costs; outpatient hospital and physician treatment before and after hospitalization; and home heath agency, skilled nursing facility, or rehabilitation care in the posthospitalization period. Also, as shown in figure 2, in 1997, hospitalizations due to septicemia accounted for only 58.5% of all hospitalizations in which septicemia was listed as one of the diagnoses. Although it is the custom not to attribute the costs of these hospitalizations to the cost of septicemia to the Medicare program, septicemia increases the resources used in the care of these patients. Finally, we did not include costs to the patient (Medicare copayments and deductibles), as well as out-of-pocket expenses.
There are some potential limitations to our study. As mentioned earlier, the study period began shortly after the introduction of the PPS and the use of DRGs for hospital reimbursement by Medicare in 1984. Under this payment mechanism, hospitals are paid for the treatment of the elderly on the basis of the principal diagnoses, the procedures performed, the secondary diagnoses, and whether the patient was discharged alive. Much concern was raised, and many articles have been written about the potential problems for surveillance, measuring trends over time, and assessing the impact of the DRG system that could be caused by either (1) "up-coding" the principal diagnosis in the medical chart to put the hospitalization into a higher paying DRG or (2) increasing the number of diagnoses listed to include a "complicating condition" [24] [25] [26] [27] [28] . This could introduce a significant problem for monitoring secular trends in septicemia because the DRG weight for septicemia (DRG 416) is 1.4883, which is significantly higher than the DRG weights for the other diagnoses that appeared frequently with septicemia in the Medicare administrative data, and septicemia is a complicating condition for almost all infectious disease diagnoses. For example, the DRG weights of 0.8665 and 0.5808 are used for DRGs 320 and 321, respectively, which are the DRGs used for UTIs, site not specified, with (DRG 320) or without (DRG 321) complicating conditions; weights of 0.842 and 0.5548 are used for DRGs 277 and 278 for cellulitis (with or without complicating conditions); weights of 1.1090 and 1.0007 are used for 2 of the DRGs (264 and 271) associated with the treatment of decubitus ulcers (with or without complicating conditions); and a weight 1.0855 is used for DRG 89, which is used for most of the pneumonias. For the more severe pneumonia, however, including those caused by gram-negative organisms, the DRG 79 and 80 weights (with or without complicating conditions) are 1.6439 and 0.8980, respectively. One of the weights for the DRGs associated with the treatment of decubitus ulcers (DRGs 263) is 1.6309 [29] . Thus, the implementation of the DRG system of reimbursement could have been a contributing factor to the increasing rates of hospitalization due to septicemia. As shown in figure 2, however, there has been an increase in both the rates of hospitalization due to septicemia and the rates of hospitalization with a listing of septicemia in any position. Also, as stated above, the DRG system was implemented in 1984, and the rate of increase in these hospitalization rates due to septicemia has not slowed. In fact, the EAPC for 1992-1997 was 7.74%, compared with the EAPC of 6.78% for 1986-1991. Finally, the increasing trend in hospitalizations for septicemia is consistent with the mortality data of the National Center for Health Statistics [3] , for which there are no incentives for up-coding.
Other potential weaknesses of the study include the exclusion of individuals 165 years old not enrolled in Medicare part A (∼4% of the population 164 years old), exclusion of Medicare beneficiaries enrolled in managed care organizations (4%-12% of the Medicare population during the period of our study), and the absence of information regarding treatment received by certain Medicare beneficiaries at Department of Veterans' Affairs or Indian Health Service hospitals.
It is disappointing that there was only a modest percentage (42.7%) of hospitalizations due to septicemia for which the genus or species of organism was indicated. Thus, at this time it appears that administrative data are inadequate for the monitoring of specific causes of septicemia.
In conclusion, this study provides insight into the increasing impact of septicemia in the US elderly population. In the 12-year study period, rates of hospitalization for septicemia have more than doubled. In 1997, the rates were twice as great for black elderly Americans as for their white counterparts. Approximately 25% of all persons hospitalized due to septicemia were dead within 30 days of admission. The severity of the disease and the high cost of treatment to Medicare (1$1.8 billion per year) mean that primary or secondary prevention should be the focus for reducing the burden of septicemia in the elderly.
